INTRODUCTION
============

The first laparoscopic cholecystectomy was performed by Mouret in 1987 (quoted from \[[@b1-ac-2019-04-25]\]); since then, minimally invasive surgeries have been the focus of research. The tendency of these procedures to minimize postoperative complications and maximize cosmesis has led to widespread adoption of laparoscopic techniques in surgical procedures. Researchers have recently progressed from conventional laparoscopic modalities, with the aim of reducing the number of laparoscopic ports \[[@b2-ac-2019-04-25]-[@b4-ac-2019-04-25]\]. Use of a single-port laparoscopic technique has been suggested in stoma formation surgery as a method for decreasing patient burden during and after surgery

Because the single-port laparoscopic technique uses a single access point, it is expected to have advantage over conventional laparoscopic techniques in terms of postoperative complications, wound cosmesis, and morbidity \[[@b5-ac-2019-04-25]-[@b7-ac-2019-04-25]\]. To date, multiple studies have shown that the single-port laparoscopic technique is safe and feasible and comparable to the conventional technique \[[@b8-ac-2019-04-25]-[@b10-ac-2019-04-25]\]. However, compared with the conventional laparoscopic procedure, there is currently no consensus on the superiority of the single-port procedure. Some studies have observed no significant difference between single-port and conventional laparoscopic procedures \[[@b11-ac-2019-04-25], [@b12-ac-2019-04-25]\], while other studies have shown benefits of the single-port procedure over the conventional procedure \[[@b13-ac-2019-04-25], [@b14-ac-2019-04-25]\]. Some studies even expressed concern about the difficulty and time consumption of the surgical procedure, which can be taxing on the surgeon \[[@b15-ac-2019-04-25], [@b16-ac-2019-04-25]\].

Enterostomy, the formation of a stoma, is a surgical modality for inserting a feeding tube or allowing fecal diversion by opening the intestine and passing it through the patient's abdominal wall. It is performed in cases where the intestines are no longer functioning normally. The single-port laparoscopic procedure seems easily applicable to enterostomy, as the stoma requires a solitary incision, without additional wounds \[[@b17-ac-2019-04-25], [@b18-ac-2019-04-25]\]. The approach also has the intraoperative advantage of excellent visualization of the correct intestinal segment for exteriorization, along with direct visual control of the extraction, to avoid twisting

The number of studies published in this area is insufficient for verifying the efficacy of the laparoscopic technique, and more detailed and standardized verification is needed before the procedure can be adopted widely. Therefore, we conducted this study to assess the results of single-port laparoscopic stoma creation for fecal diversion, specifically focusing on the feasibility, safety, and efficacy

METHODS
=======

Patient selection
-----------------

Single-port laparoscopic ileostomy was performed in 13 patients that needed fecal diversion at Seoul National University Bundang Hospital (Seongnam, Korea) between May 2015 and July 2018. The Institutional Review Board of the Seoul National University Bundang Hospital approved this study prior to commencement of data collection and analysis and waived the requirement for informed consent (B-1901-516-101).

Surgical procedure
------------------

The surgery was performed by a single surgeon. Under general anesthesia, the patient was placed in the supine position. A single, 2.5-cm-wide, circular incision was made at the ileostomy site, normally the left lower quadrant of the abdomen within the rectus abdominis muscle. After deepening into the peritoneum, a 4-appendage single port (Gloveport, Nelis, Bucheon, Korea) was inserted.

Laparoscopy was performed using a 10-mm flexible scope (Olympus, Tokyo, Japan) for better visualization of tight spaces. A full laparoscopic evaluation was performed to evaluate the presence of relevant pathology ([Fig. 1A](#f1-ac-2019-04-25){ref-type="fig"}). The small bowel was traced, and the distal ileal segment for ileostomy formation was identified ([Fig. 1B](#f1-ac-2019-04-25){ref-type="fig"}). After removal of the glove port, the ileal segment was retrieved and anchored to the fascia of the incision site ([Fig. 1C](#f1-ac-2019-04-25){ref-type="fig"}). The ileostomy was matured in the normal fashion ([Fig. 1D](#f1-ac-2019-04-25){ref-type="fig"}).

Statistics and ethics
---------------------

Patient demographics were retrospectively retrieved from the data warehouse of Seoul National University Bundang Hospital. The demographics were sex, age, original disease, stage of tumor, body mass index, previous operational history, complete blood cell count, admission panel, and C-reactive protein level. Continuous variables are presented as the mean ± standard deviation or the median and range. Categorical variables are presented as percentage of patients. All statistical analyses were performed using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Between April 2015 and January 2018, a total of 13 patients underwent single-port ileostomy creation. Patient demographics and indications, procedures, and results of operation were analyzed. Patient demographics are listed in [Table 1](#t1-ac-2019-04-25){ref-type="table"}. The mean age of the patients was 57.7 years (range, 41--83 years). Among them, 8 patients were male, and 5 were female. The mean body mass index of the patients was 17 kg/m^2^ (range, 10.7--21.9 kg/m^2^), and 7 patients (53.8%) had previous operational history. The most common reason for diversion was palliative ileostomy for colon obstruction or fistula from peritoneal malignancy (n = 12), whereas only 1 patient had undergone diversion for colonic fistula with necrotizing pancreatitis. Among the malignant cancers, 9 (69.2%) had gastrointestinal cancer, 2 (15.3%) had gynecologic cancer, and 1 (7.7%) had urologic cancer.

The postoperative outcomes are listed in [Table 2](#t2-ac-2019-04-25){ref-type="table"}. The mean operative time for stoma creation was 54 minutes (range, 37--118 minutes). The median length of hospital stay was 8 days (range, 2--211 days). Postoperative complication was documented in 1 patient (7.7%) who experienced aspiration pneumonia after Levin tube insertion and was treated conservatively. The mean duration of bowel movements was 0.7 days (range, 0--4 days) after surgery. During follow up, all stomas had good function, and none of the patients experienced postoperative 30-day mortality.

DISCUSSION
==========

In our series, 13 loop ileostomies were performed by a single surgeon, using the single-port laparoscopic procedure. Our study focused on verifying the efficacy and feasibility of the procedure, with the expectation that a single-incision approach could be superior to the conventional modality in terms of cosmesis, pain control, and operative outcome since it minimized the number of ports inserted into a patient's body, reducing patient operative burden. Because conventional laparoscopic procedures have become more popular in surgical fields because of their superiority in terms of safety, postoperative complication control, infection control, and cosmesis over laparotomy \[[@b19-ac-2019-04-25], [@b20-ac-2019-04-25]\], our data support a single-port laparoscopic modality as a safe, efficient, and feasible alternative to the conventional multiport laparoscopic procedure.

Based on the results, there was no postoperative 30-day mortality, and only 1 patient had a postoperative complication, aspiration pneumonia, because of Levin tube insertion and not because of the surgery itself. Therefore, the presence of postoperative complications cannot be used as a basis to assess the operative risk of the single-port laparoscopic approach. Our results were compared to those of conventional laparoscopic approaches, and the mean operation time and postoperative mortality were also comparable \[[@b21-ac-2019-04-25], [@b22-ac-2019-04-25]\]. When these results were combined with the results of other studies, it is evident that laparoscopic ileostomy using a single port is as safe as the conventional multiport procedure \[[@b5-ac-2019-04-25], [@b6-ac-2019-04-25], [@b23-ac-2019-04-25]\].

The cost-effectiveness of procedures is important, especially when considering adaptation of a new technology. Cost analysis of the laparoscopic approach compared with that of laparotomy has been performed by several researchers. The initial operative costs of the laparoscopic maneuver are counterbalanced with reduced morbidity and length of hospital stay in the laparoscopic technique \[[@b24-ac-2019-04-25]\]. In this series of procedures, we used existing laparoscopic instrumentation and did not need to purchase new instruments, with the exception of the access port. Furthermore, the sum of the costs of ports used in the multiport maneuver exceeded the cost of the one port used here. Therefore, there should be no concerns over cost increases for purchasing extra instruments. Moreover, comparing the single-port maneuver with the conventional multiport maneuver, insertion of a smaller number of ports could provide a reduction of surgical costs since fewer instruments are needed. Reduction of the number of trocars needed for surgery led to reduction of the cost \[[@b23-ac-2019-04-25]\]. The smaller number of ports also led to a smaller number of wounds after surgery. Therefore, from a cosmetic perspective, the single-port laparoscopic procedure is superior to conventional multiport laparoscopic procedures. The smaller number of wounds also led to decreased pain \[[@b6-ac-2019-04-25], [@b25-ac-2019-04-25]\].

There were some limitations to our study, which include the retrospective nature, lack of a control group, and the small sample size of the patient group. Therefore, additional studies are needed to validate the results of this study. Our data coincide with the results of other studies, which will be important when assessing these results in future research. Although there are many advantages to single-port surgery, there are also conditions that can make it difficult to apply, which include a severe obstructed bowel, un-decompressed bowel edema, frozen abdomen owing to peritoneal seeding, and repeated open abdominal surgery

In conclusion, based on the data from this study and other relevant studies, single-port laparoscopic ileostomy for fecal diversion could be adopted as a safe and feasible option in patients with a palliative setting.
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![Operative snapshot from the single-port ileostomy procedure. (A) Whole peritoneal cavity exploration. (B) Appropriate intestinal segment selection. (C) Exteriorization via a single-post incision site. (D) Maturation of ileostomy](ac-2019-04-25f1){#f1-ac-2019-04-25}

###### 

Clinicopathologic patient characteristics

  Characteristic                               Value
  -------------------------------------------- ---------------------
  Age (yr)                                     57.7 (41--83)
  Sex                                          
   Male                                        8 (61.5)
   Female                                      5 (38.5)
  Body mass index (kg/m^2^)                    17 (10.702--21.894)
  Location of stoma                            
   Right lower quadrant                        5 (38.5)
   Left lower quadrant                         8 (61.5)
  Indication for diversion operation           
   Obstruction                                 10 (76.9)
   Colonic obstruction                         7 (53.8)
   Small bowel obstruction                     3 (23.0)
   Colonic fistula formation                   3 (23.0)
   Tumor induced                               2 (15.3)
   Pancreatitis induced                        1 (7.7)
  Primary disease                              
   Cancer                                      12 (92.3)
   Gastrointestinal cancer                     9 (69.2)
   Advanced gastric cancer                     4 (30.7)
   Colon cancer                                3 (23.0)
   Cholangiocarcinoma                          1 (7.7)
   Gall bladder cancer                         1 (7.7)
   Gynecologic cancer                          2 (15.3)
   Urologic cancer                             1 (7.7)
   Necrotizing pancreatitis                    1 (7.7)
  Previous operational history                 7 (53.8)
   Total gastrectomy                           3 (23.0)
   Distal gastrectomy with gastrojejunostomy   1 (7.7)
   Right hemicolectomy                         1 (7.7)
   Total abdominal hysterectomy                2 (15.3)

Values are presented as mean (range) or number (%).

###### 

Postoperative outcomes

  Variable                                                      Value
  ------------------------------------------------------------- --------------
  Operative time (min), mean (range)                            54 (37--118)
  Time to flatulence (day), mean (range)                        0.6 (0--2)
  Duration to bowel movement (day), mean (range)                0.7 (0--4)
  Length of postoperative hospital stay (day), median (range)   8 (2--211)
  No. of postoperative complications (%)                        1 (7.7)
  Aspiration pneumonia                                          1
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